tltrations following "'·et uhings and careful oxidation, expensive in the use of X-ray proctdures, or both time consuming and expensive as with ntutron activation. A unique alternative method which. is rapid, slmple and cheap is pre~nted. Values obtained by this selective oxidation method have been compared w ith neutron acti\'ation, X·ray fluorescence and iodometrie methods.
METHOD

Samplts
Finely ground cured tobac<O luf (I g) is heated slowly (J-ol h) tO 450-475 •c a nd maintained ar that tempera- Markham otill.
•
1-Glass
I delivery ~Ub$ t urc until it becomes a w hite ash, or prefeu.bly ~shed onrnight for 15 hours. The ash is <ransferred to a Markham still (Figu re I} with a brush through a small glass funnel and is washed down .,..ith 5 ml distilled water. A volume of S rnl oxidising mixture, containing 400 rnl 1.2; M aqueous chromium trioxide 3nd 300 m1 oonccncrated sulphuric acid, is added. Steam is admit<ed to cbe 5till where seluci\·e oxidation of bromide to bromine cakes place and this is distilled into 2S ml of 10'/o potassium iodide until 100 ml have been collected. The liberated iodine is titrated v.
•ith 0.005 N sodium thiosu lphate with a tD/ o starch solution as ind icator and a 10 ml bure tte groduaced in 0 .02 ml.
z.z Standards and Blanks
Three standards are made up from A.R. KBr to comain 0.50 mg, 1.50 mg and 2.50 mg Br per 5 ml aliquot. For each Mark ham still used 5 ml aliquors of the standards as well as 5 ml of distilled water for a blank, are pipett<d into the still and distilled and titrated as described. 139 DOI: 10.2478/cttr-2013-0482
Calculation
A graph of mg Br-against titre of sodium thiosulphate is constructed by plotting the titres obtained from the three standards and blanks. The mg Br-of the 1 g samples is read from the calibration graph and reported as mg Br-g- 1 • 3. METHOD VERIFICATION
3.1
Six samples of tobacco, d:10sen to represent normal and high levels of bromide, were analysed by the distillation method and compared with X-ray fluorescence (2), neutron activation {3), and iodometric (4) analyses conducted by different laboratories. These results are given in Table 1 . 
3.4
Anion exchange chromatography, in which 10 g of sample was ashed, taken up in water and filtered through a glass wool plug into a column (5) filled with 7 g anion exchange resin Amberlite CG-400 in the nitrate form. Ten grams of sample spiked at the 3 mg g-1 Br level was treated in the sameway.Thechloridewas elutedwith0.15M NaN0 3 followed by 0.6 M NaN0 3 which elutes the bromide.
Five ml aliquots of the eluates were titrated potentiometrically with AgN0 3 and the results are plotted in Figure 3 . Figure 4 shows the effect when a sample of tobacco is spiked with fluoride, chloride, bromide and iodide. Fluoride elutes from the column before chloride but because its silver salt is soluble it cannot be titrated with AgN0 3 and therefore does not feature in Figure 4 . Iodide was not detected in any unspiked Rhodesian tobacco samples. Ten samples were analysed by the anion exchange and the distillation methods, the results are given in Table 2 . In the ion exchange method, the taking and titration of 5 ml aliquots lead to predictable titration errors and the results have therefore only been expressed to one decimal point. The elution time was about three to four hours per sample, nevertheless the results are of the same order and show the specificity or selectivity of the oxidation medium under the given conditions.
3.5
A bromide ion selective electrode was used to measure total bromide concentration in combined fractions of the 0.6 M NaN0 8 eluate {3.4). Table 3 shows the comparisons done on fourteen samples in triplicate. The agreement is not as good as expected because the measurement of pBr in the eluate from tobacco was not as trouble-free as Banks ( 1) found using grain and other foodstuffs. The bromiae electrode in any solution containing tobacco takes at least ten minutes to stabilize compared with one minute for standard pBr solutions in 0.6 M sodium nitrate.
3.6
To test for possible loss of bromide during the ashing step samples were analysed with and without the addition of calcium oxide which would prevent possible volatilization of the bromide. Table 4 shows four samples analysed ten times in this manner and that the addition of calcium oxide is not necessary as there is no loss of bromide in the ashing process.
3.7
The palladium calorimetric method ( 6) was used to analyse one quality control sample which was also analysed by the distillation method. The results are given in Table 5 and show good agreement between the distillation and palladium method.
3.8
The distillation method prescribes the use of 1 g of sample which is suitable for the normal range of bromide found in tobacco. Samples of 1 g to 10 g were ashed and distilled Table 6 .
DISCUSSION
The distillation method has been used with success in the Tobacco Research Board's analytical chemistry department for the last two years. From thirty to fifty samples can be analysed per day in duplicate including standards and blanks. The ashing procedure is such that samples can be weighed out in the late afternoon and ashed overnight so that no time is lost in this step. Arrangements are made to switch off the ovens at 4 a.m. so that the samples are cold and ready for distillation when the laboratory opens. The selective oxidation of bromide in the presence of up to 2000 times its concentration of chloride makes this method particularly useful because chloride levels in fluecured tobacco vary from3 to 20 mg g-1 ,whereas the highest bromide encountered from experimental plots is 5 mg g- 1 and the values of bromide in tobacco grown on virgin soil range from 0.01 to 0.3 mg g-1 • Bromide in commercial, locally grown tobacco after fumigation with In the method, a sample mass of 1 g ensures that most samples give titres within the range of the three standards. It is quite possible, however, to increase the mass to as high as 10 g, catering for very low bromide values. Table 6 shows good agreement from 1 g to 10 g. The ash from 10 g of tobacco can still be readily transferred to the Markham still and therefore the range of bromide detection can be increased without any difficulty. The results of the analysis of six samples by distillation, X-ray fluorescence, neutron activation and iodometric analyses (Table 1) show that although the results are of the same order, if the standard deviation of all the methods is about equal (0.03 mg g--1 ), the methods give significantly different answers at the 95 Ofo confidence level. The author has no immediate explanation for this.
The photograph (Figure 2) shows the banks of Markham stills which are also used for the determination of nicotine and nitrogen. The extra capital outlay in our laboratory was therefore nil and would be small for any laboratory wishing to set up this apparatus. It should be noted that in the Markham still assembly (Figure 1 ) the delivery tube is connected to the condenser with a short piece of polythene tubing, giving almost a glass to glass connection because poor recoveries were obtained, due to absorption of bromide, when using polythene delivery tubes. Comparison of bromide concentration using the palladfum and dfstlllatlon methods on one quality control sample.
Bromide (mg g-1)
Palladium method I Distillation method L'ecart-type moyen de ± 0,03 mg g-1 represente un niveau de precision acceptable. L'incineration du tabac n'entraine pas de perte de bromure.
